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ABSTRACT 

IntroducƟon: An increase in body mass index (BMI) raises intraperitoneal pressure (IPP), which 
in turn counteracts ultrafiltraƟon (UF). However, BMI is not directly associated with UF, contrary 
to what might be expected. We examined these relaƟonships in greater depth by breaking down 
BMI into fat Ɵssue index (FTI), lean Ɵssue index (LTI), and overhydraƟon (OHI), assessed by 
bioimpedance spectroscopy (BIS). 

Methods: Two peritoneal equilibraƟon tests (PETs) using 4.25%/3.86% dextrose (2 L and 1 L fill 
volumes) were performed in 76 unselected paƟents. IPP was measured repeatedly and BIS was 
conducted to calculate LTI, FTI, OHI and phase angle at 50 kHz (PhA). 

Results: IPP increased with intraperitoneal volume (empty: 7.8 cmH₂O; 1 L: 10.3 cmH₂O; 2 L: 12.2 
cmH₂O) and correlated negaƟvely with UF. BMI correlated posiƟvely with IPP but not with UF. 
FTI correlated posiƟvely with BMI and IPP and negaƟvely with UF. LTI did not correlate with BMI 
or IPP but correlated posiƟvely with UF. These relaƟonships were mirrored in aquaporin-
mediated free water transport (FWT). PhA mirrored LTI. 

Conclusions: The effects of BMI on IPP and of IPP on UF appear to be mediated by FTI, whereas 
LTI independently enhances UF. Aquaporin-mediated FWT shows similar associaƟons. RouƟne 
assessment of IPP and body composiƟon may help idenƟfy paƟents at higher risk for IPP-related 
UF impairment. 
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List of AbbreviaƟons 

BIS: MulƟfrequency bioimpedance spectroscopy. BMI: Body mass index. D/PCreat: Dialysate-to-
plasma creaƟnine concentraƟon raƟo in the final drain of the PET. FTI: Fat Ɵssue index. FVI: Fat 
volume index—FTI expressed as the volume it occupies (L), rather than mass (kg). FWT: Free 
water transport. [Gluc]D: Glucose concentraƟon in the final drain of the PET. IPP: Intraperitoneal 
pressure. IPPv: Intraperitoneal pressure with an empty abdomen (mean of the six 
measurements obtained at baseline). IPV: Intraperitoneal volume. LTI: Lean Ɵssue index LVI: 
Lean volume index—LTI expressed as the volume it occupies (L), rather than mass (kg). Na-dip: 
Decrease in dialysate sodium concentraƟon at 60 minutes compared with baseline aŌer infusion, 
in the 2-L PET. OH: OverhydraƟon. OHI: OverhydraƟon index. PD: Peritoneal dialysis. PET: 
Peritoneal equilibraƟon test. PET 1L: Peritoneal equilibraƟon test with a 1-liter fill volume. PET 
2L: Peritoneal equilibraƟon test with a 2-liter fill volume. PhA: Phase angle at 50 kHz in 
bioimpedance. UF: UltrafiltraƟon. 

  



Impact of Body ComposiƟon on Intraperitoneal Pressure and UltrafiltraƟon in 
Peritoneal Dialysis 

IntroducƟon 

In peritoneal dialysis (PD), elevated intraperitoneal pressure (IPP) contributes to mechanical 
complicaƟons (1–6), influences paƟent and technique prognosis (1,7), and significantly reduces 
ultrafiltraƟon (UF) (8–11). Understanding the factors that modulate IPP may therefore help 
miƟgate its clinical impact. Infusing dialysate into the closed peritoneal cavity increases IPP by 
approximately 2.2 cmH₂O per liter (2,4). However, IPP with an empty abdomen already shows 
wide interpaƟent variability (1–18 cmH₂O) (10,12), largely explained by its correlaƟon with body 
mass index (BMI), which accounts for up to 27% of this variability (1,3,4,10–16).  

BMI is a convenient indicator of body size but does not differenƟate between adiposity, 
muscularity, or—in PD—fluid overload. MulƟfrequency bioimpedance spectroscopy (BIS) allows 
decomposiƟon of body composiƟon into lean mass, fat mass and overhydraƟon, providing a 
more accurate characterizaƟon (17). 

In this study, we examined the relaƟonship of body size and composiƟon with IPP, and how these 
components influence UF and aquaporin-mediated free water transport (FWT), given their 
physiological interconnecƟon. To do this, we expanded a previous study (12) using two PETs 
(4.25%/3.86% dextrose) with different fill volumes to generate comparable exchanges except for 
IPP. In four of six parƟcipaƟng PD units, BIS was also performed at the start of each PET; this 
report presents the findings from that subgroup. 

Methods 

Between 2017 and 2019, unselected adult paƟents from five PD units underwent two standard 
PETs (4 h, 4.25%/3.86% dextrose), performed in random order one week apart: one using the 
usual fill volume of 2000 mL (PET 2L) and the other using 1000 mL (PET 1L), in order to generate 
different IPP levels under otherwise idenƟcal condiƟons (12). Both PETs were performed in the 
supine posiƟon by regular PD nursing staff. At the start of each PET, body composiƟon was 
assessed using BIS. IPP was measured before and aŌer each infusion and drainage (0, 60, and 
240 minutes), both with an empty abdomen and with the abdomen filled, in which case the 
corresponding intraperitoneal volume (IPV) was recorded. Fill and drain volumes were measured 
by weight (1 g = 1 mL). 

Sex, age, medical history, and PET-related parameters were documented. The dialysate/plasma 
creaƟnine raƟo at 240 minutes (D/PCreat) was used as a marker of peritoneal transport. UF 
insufficiency was defined as net UF < 400 mL during the PET 2L (18), and impaired aquaporin-
mediated free water transport (impaired FWT) was defined, also in the PET 2L, as a decrease in 
intraperitoneal sodium concentraƟon at 60 minutes (Na-Dip) ≤ 5 mEq/L relaƟve to baseline (18). 

Before each PET, aŌer 15 minutes in the supine posiƟon with an empty abdomen, body 
composiƟon was assessed using the Body ComposiƟon Monitor (BCM®, Fresenius Medical Care, 
Bad Homburg, Germany), a three-compartment BIS model. This provided the lean Ɵssue index 
(LTI) and fat Ɵssue index (FTI), expressed in kg/m² (with m² referring to height squared), as well 
as total body overhydraƟon (OH) (17). To ensure height-adjusted values, we derived the 
overhydraƟon index (OHI) by dividing OH by height squared. To account for both mass and 
volume components of BMI, we esƟmated the volume occupied by fat Ɵssue (density 0.925–
0.970 g/mL (19)) and lean Ɵssue (density 1.10 g/mL (20)), which we termed the fat volume index 



(FVI) and lean volume index (LVI), respecƟvely. Phase angle at 50 kHz (PhA) was also recorded. 
BMI, body composiƟon parameters and phase angle used in the analyses correspond to the 
mean of the measurements obtained in both PETs, as no significant differences were observed 
between them. 

Direct IPP measurements were obtained using a central venous pressure manometry system 
(12,21,22), connected via a three-way stopcock placed between the PD catheter and the double-
bag system. The zero reference point was set at the mid-axillary line. Once the rise of the fluid 
column stabilized and respiratory oscillaƟons were confirmed, IPP was recorded as the midpoint 
of a normal oscillaƟon. For analysis, we used the mean of the six measurements taken with an 
empty abdomen (IPPv). Although IPP may vary over Ɵme, such variaƟon is generally minimal 
when measurements are performed within a 7-day interval (21). 

The study protocol was approved by the Clinical Research Ethics CommiƩee of the Valladolid-
East Health Area (CEIC-VA-ESTE-HCUV-PI 17-657). 

ConƟnuous variables are expressed as mean ± standard deviaƟon and range, and categorical 
variables as absolute values and percentages, unless otherwise specified. Comparisons of 
conƟnuous variables were performed using independent or paired Student’s t-tests, and 
Pearson’s correlaƟon coefficient (r) was used to assess linear associaƟons. All tests were two-
tailed, and p values <0.05 were considered staƟsƟcally significant. MulƟvariate analyses were 
conducted using linear or logisƟc regression models, as appropriate. Collinearity among 
independent variables was evaluated using tolerance and variance inflaƟon factor (VIF), with 
tolerance >0.1 and VIF <10 considered acceptable. StaƟsƟcal analyses were performed using 
MicrosoŌ Excel (Office 365) and IBM SPSS StaƟsƟcs version 25. 

Results 

A total of 87 paƟents were studied: 61 (70%) were men, with a mean age of 62 ± 14 years (range 
25–89), and a median PD vintage of 14 ± 17 months (range 1–75). Forty-eight paƟents (56%) 
were on automated peritoneal dialysis (APD) and 38 (44%) on conƟnuous ambulatory peritoneal 
dialysis (CAPD). Nine paƟents had polycysƟc kidney disease, and six had a non-funcƟoning renal 
graŌ. 

The main results of the 2L and 1L PETs are shown in Table 1. Peritoneal transport characterisƟcs 
from the 2L PET were as follows: high transport (0.82 < D/PCreat < 1.01) in 16 paƟents (18%), 
high-average (0.68 < D/PCreat < 0.82) in 54 paƟents (62%), and low-average (0.50 < D/PCreat < 0.68) 
in 17 paƟents (20%). The 2L PET produced higher IPP values, lower peritoneal transport rates, 
and higher final dialysate glucose concentraƟons ([Gluc]D) and UF (Table 1). 

Body composiƟon 

Body composiƟon parameters FTI and LTI are shown in Table 1 both as mass (kg/m²) and as 
volume (FVI and LVI, in L/m²). None of the correlaƟons or comparisons showed significant 
differences between using mass-based or volume-based indices; therefore, only the mass-based 
results are presented here, as they represent the more convenƟonal approach. 

 

 

 



Table 1. Patients characteristics and body composition, intraperitoneal pressure and PET results 
with 2L and 1L 

n (%) 87 (100%) 
Age (years) 62±14 (25-89) 
Months in PD 14±17 (1-75) 
BMI (kg/m2) 26,4±4,2 (16,6-40) 
LTI (kg/m2) 15,2±3,7 (7,8-25) 
LVI (L/m2) 13,8±3,4 (7,1-22,7) 
FTI (kg/m2) 10,7±5,7 (1,4-30,2) 
FVI (L/m2) 11,1±5,8 (1,5-31,4) 
OH (L) 1,3±1,9 (-1,8-5,7) 
OHI (Kg/m2 - L/m2) 0,5±0,7 (-0,7-2) 
PhA (º) 5,26±1,14 (2,38-8,15) 
IPPv (cmH2O) 8,0±2,9 (1,3-15) 
IPP full, 0 min, PET 2L (cmH2O) 12,3±3,6 (4,5-20,5) 
 p <0,001 
IPP full, 0 min, PET 1L (cmH2O) 10,3±3,0 (3-19) 
IPP full, 240 min, PET 2L (cmH2O) 13,1±3,5 (6-24,5) * 
 p <0,001 
IPP full, 240 min, PET 1L (cmH2O) 11,1±3,5 (4,5-21) * 
D/PCreat, PET 2L 0,73±0,10 (0,52-1,00) 
 p <0,001 
D/PCreat, PET 1L 0,78±0,11 (0,51-1,02) 
[Glucose]D 240 min, PET 2L (mg/dL) 928±250 (436-1512) 
 p <0,001 
[Glucose]D 240 min, PET 1L (mg/dL) 633±192 (240-1051) 
Na-Dip PET 2L (mmol/L) 6,5±3,2 (0-14) 
 p = 0,002 
Na-Dip PET 1L (mmol/L) 4,9±3,8 (-1-16) 
UF, PET 2L (mL) 672±302 (-82-1575) 
 p <0,001 
UF, PET 1L (mL) 463±250 (-200-1216) 

Definitions: BMI: body mass index; LTI: lean tissue index; LVI: lean volume index; FTI: fat tissue index; FVI: fat 
volume index; OH: overhydration; OHI: overhydration index; PhA: Phase angle at 50 kHz; IPPv: intraperitoneal 
pressure with empty abdomen; D/PCreat: dialysate/plasma creatinine ratio at 240 minutes; [Glucose]D: dialysate 
glucose concentration at 240 minutes; Na-Dip: sodium dip at 60 min vs. 0 min; UF: ultrafiltration. *p < 0.05 
paired t-test comparing IPP full at 0 vs. 240 min. 

 

In our cohort, BMI correlated only with FTI (r = 0.682, p < 0.01) and not with LTI (r = 0.041, p = 
0.724) or OHI (r = 0.035, p = 0.755) (Figure 1). FTI showed a negaƟve correlaƟon with LTI (r = –
0.676, p < 0.01). PhA was unrelated to BMI but was associated with its components: posiƟvely 
with LTI (r = 0.680, p < 0.001) and negaƟvely with FTI (r = –0.295, p = 0.013) and OHI (r = –0.578, 
p < 0.001). 

RelaƟonship with IPP 

IPPv correlated posiƟvely with BMI (r = 0.552, p < 0.001), with BMI accounƟng for 31% of its 
variability (r² × 100) (Figure 2). IPPv also correlated with FTI (r = 0.465, p < 0.001), which explained 
22% of the variaƟon in IPPv. No significant correlaƟons were observed between IPPv and LTI (r = 
–0.097, p = 0.407), OHI (r = 0.132, p = 0.233), or PhA (r = –0.020, p = 0.856) (Figure 2). In 
mulƟvariate analysis, all three body composiƟon components influenced IPP, with FTI showing 
the greatest relaƟve effect (Table 2). 

IPP increased with infused volume (Table 1). FTI correlated posiƟvely with the increment in IPP 
associated with the rise in intraperitoneal volume from 1 to 2 L (r = 0.246, p = 0.036), but not 
with the increase from 0 to 1 L (r = –0.036, p = 0.764) or from 0 to 2 L (r = 0.105, p = 0.367). 



 

 



 

Table 2. Linear regression for intraperitoneal pressure with an empty abdomen 
 
  Std. Coeff. β p 

LTI 0,482 <0,001 
FTI 0,768 <0,001 
OHI 0,268   0,005 

Linear regression analysis of body composition components on mean intraperitoneal pressure with an empty abdomen (IPPv), 
adjusted for phase angle. LTI: lean tissue index; FTI: fat tissue index; OHI: overhydration index. Standardized coefficients 
(Std.Coeff) (β) and statistical significance (p-values) are reported. In all models, collinearity indices met acceptable thresholds: 
Tolerance >0.2 and VIF <5.  

 
 

RelaƟonship with UltrafiltraƟon 

UF correlated negaƟvely with IPPv in the 2-L PET (r = –0.267, p = 0.012), with the same 
nonsignificant trend in the 1-L PET (r = –0.198, p = 0.067) (Figure 3). BMI showed no relaƟonship 
with UF in either PET (2-L PET: r = –0.049, p = 0.655; 1-L PET: r = –0.139, p = 0.198). FTI correlated 
negaƟvely with UF in the 1-L PET (r = –0.244, p = 0.034) and showed a similar but not significant 



tendency in the 2-L PET (r = –0.221, p = 0.056). LTI correlated posiƟvely with UF in both PETs (2-
L PET: r = 0.267, p = 0.020; 1-L PET: r = 0.256, p = 0.026), as did PhA (2-L PET: r = 0.237, p = 0.032; 
1-L PET: r = 0.299, p = 0.006). No correlaƟons were found with OHI. (Figure 3) 

MulƟvariate analyses idenƟfied LTI, OHI, IPPv, and D/PCreat as determinants of UF in the 2-L PET; 
in the 1-L PET, LTI, IPPv, and D/PCreat were significant. (Table 3). 

Na-Dip in the 2-L PET, correlated negaƟvely with IPPv (r = –0.241, p = 0.026), with FTI (r = –0.334, 
p = 0.003), and with D/PCreat (r = –0.299, p = 0.005), and posiƟvely with LTI (r = 0.251, p = 0.030). 
No correlaƟon were found with OHI or PhA; however, in mulƟvariate analysis, both PhA and OHI 
emerged as addiƟonal influences on Na-Dip in the 2-L PET, along with D/PCreat and IPPv (Table 3). 

In the 1-L PET, Na-Dip showed no relaƟonship with IPPv or with any body composiƟon 
component or PhA. A negaƟve correlaƟon was observed with D/PCreat (r = –0.462, p < 0.001) and 
a posiƟve correlaƟon with [Gluc]D (r = 0.476, p < 0.001), with the laƩer being the only variable 
that remained significant in the mulƟvariate analysis (Table 3). 

Table 3. MulƟvariable linear regression for ultrafiltraƟon and Na-
Dip in the 2-L and 1-L PETs 

    Std. Coeff. β p 

UF, PET 2L 

D/PCreat PET 2L -0,502 <0,001 
IPPv -0,428 0,004 
LTI 0,594 <0,001 
FTI 0,297 0,057 

OHI 0,284 0,040 

UF, PET 1L 

D/PCreat PET 1L -0,424 <0,001 

IPPv -0,233 0,031 

LTI  0,329 0,003 

Na-Dip, PET 2L 

D/PCreat PET 2L -0,336 0,010 
IPPv -0,254 0,030 
OHI 0.332 0,038 
PhA 0,347 0,019 

Na-Dip, PET 1L [Gluc]D 0,516 <0,001 
    

LTI: lean tissue index; FTI: fat tissue index; OHI: overhydration index; IPPv: mean intraperitoneal 
pressure with an empty abdomen; D/PCreat: dialysate-to-plasma creatinine ratio at 240 
minutes; [Gluc]D: dialysate glucose concentration at 240 minutes; PhA: phase angle at 50 kHz. 
All models were adjusted for D/PCreat, [Gluc]D, Na-Dip in the corresponding PET, IPPv, LTI, FTI, 
and OHI. Standardized coefficients (Std Coeff.) (β) and p-values are reported. Collinearity 
indices were within acceptable limits (Tolerance >0.2; VIF (variance inflation factor) <5). 

 

A total of 17 paƟents (19.5%) presented UF insufficiency, and 32 (38%) exhibited impaired 
aquaporin-mediated FWT. These paƟents showed higher IPPv, higher D/PCreat, older age, higher 
FTI and BMI, and lower LTI and PhA (Table 4), although only differences in age and FTI were 
staƟsƟcally significant in paƟents with impaired FWT. 



 



 
 
 Table 4. CharacterisƟcs of paƟents with and without ultrafiltraƟon insufficiency or aquaporin-mediated 
free-water transport impairment 

  UFI p No-UFI 
Impaired 

FWT 
p 

No- 
Impaired 

FWT 

UFI and/or 
Impaired 

FWT 
p 

No UFI 
and/or 

Impaired 
FWT 

 n (%) 17 (19,5%) - 70 (80,5%) 32 (38%) - 
55* 

(62%) 38 (45%) - 48* (55%) 

Age 65±9 0,126 61±15 67±10 0,004 59±15 67±10 0,002 58±15 
Months PD 20±21 0,112 12±16 13±15 0,671 15±19 14±17 0,985 14±18 
Residual D. 1622±823 0,985 1627±877 1619±823 0,996 1618±897 1592±811 0,802 1640±914 
BMI (kg/m2)  26,9±4,3 0,581 26,3±4,2 27,6±4,5 0,040 25,7±3,9 27,5±4,3 0,049 25,7±4,0 
LTI (kg/m2) 13,4±3,6 0,022 15,7±3,6 14,2±3,8 0,048 15,8±3,4 14,2±3,8 0,034 16,0±3,3 
FTI (kg/m2) 13,2±7,2 0,096 10±4,8 12,9±5,5 0,005 9,3±5,1 12,5±5,8 0,006 9,1±4,7 
OHI (kg/m2) 0,4±0,6 0,794 0,5±0,7 0,5±0,6 0,345 0,4±0,7 0,6±0,6 0,167 0,4±0,7 

PhA (º) 4,86±1,14 0,133 5,35±1,37 5,00±1,04 0,098 5,41±1,18 4,95±1,09 0,043 5,47±1,14 
D/PCreat 0,80±0,09 0,001 0,71±0,09 0,75±0,09 0,136 0,72±0,10 0,76±0,09 0,006 0,71±0,09 

IPPv 9,3±2,5 0,023 7,5±3,0 9,0±3,1 0,003 7,2±2,7 9,1±2,9 <0,001 6,9±2,6 

Table 4. Differences between patients with and without ultrafiltration insufficiency (UFI), and with and 
without impaired aquaporin-mediated free-water transport (FWT), according to PET results. Residual D.: 
residual diuresis in mL/24 h. BMI: body mass index. LTI: lean tissue index. FTI: fat tissue index. OHI: 
overhydration index. PhA: phase angle at 50 kHz. D/PCreat: dialysate-to-plasma creatinine ratio at 240 minutes. 
IPPv: mean intraperitoneal pressure with an empty abdomen. Results are expressed as absolute values and 
percentages or as mean ± SD. 

 

Discussion 

IPP largely depends on BMI (1,3,4,10–15), although the mechanism linking both parameters has 
yet to be elucidated. Our study examines the impact of BMI and its individual components on 
IPP, as well as how this influence is reflected—with important nuances—in the effect of IPP on 
UF and its main determinant, aquaporin-mediated FWT.  

We studied unselected PD paƟents to obtain results representaƟve of rouƟne clinical pracƟce. 
IPP and body composiƟon measurements were conducted during the PET, a test in which 
methodological care and precision are maximized within a clinical seƫng. We used the empty-
abdomen IPP as the reference, as it is an intrinsic characterisƟc of each paƟent and is not 
influenced by intraperitoneal volume or by individual responses to it. To minimize the impact of 
measurement errors or transient variaƟons, we used the mean of six measurements. Body 
composiƟon assessed by BIS is well validated (17,23) and is increasingly used in PD units. BIS 
provides lean and fat mass both as absolute values and height-normalized indices (17); however, 
the BCM monitor expresses overhydraƟon—relevant only in states of fluid overload—as a total 
body amount in liters or kilograms. To normalize it by height, similarly to the other components, 
we calculated an overhydraƟon index (OHI) by dividing the value by height squared (m²). We also 
esƟmated the volume of each body component based on its density, to explore whether its 
potenƟal effect depended on the space it occupied. The absence of differences between results 
expressed as mass or volume did not support this hypothesis. Therefore, we present only those 
obtained using mass values (LTI, FTI, and OHI in kg/m²). AddiƟonally, we recorded the PhA at 50 
kHz, a measurement shared by single- and mulƟfrequency bioimpedance devices, which reflects 



nutriƟonal status (24,25) and is associated with paƟent prognosis (25-28). PhA is calculated as 
the arctangent of the reactance-to-resistance raƟo. In healthy adults, age, sex, and body 
mass index (BMI) are the main determinants of PhA. It has been shown that PhA is lower 
in hemodialysis paƟents compared with age and sex-matched healthy controls. However, 
the biological significance of PhA is not well defined in dialysis paƟents. PhA could be 
used for rouƟne evaluaƟon and detecƟon of variaƟons in nutriƟonal and fluid status in paƟents 
with CAPD (26) 

General consideraƟons 

Sex distribuƟon, age, UF, transport characterisƟcs, IPP values, body composiƟon, PhA and BMI 
were within expected ranges for our PD populaƟon (11,26,29–33). As expected based on 
differences in intraperitoneal volume (IPV) (2,4), the 2-L PET produced higher IPP and delayed 
solute equilibraƟon, reflected in lower D/PCreat and higher [Gluc]D and UF (34–36). 

Body composiƟon 

An increase in BMI is commonly observed aŌer iniƟaƟon of PD, primarily due to an increase in 
FTI (31,37,38). Although our cross-secƟonal design does not allow longitudinal interpretaƟon, 
we observed a strong associaƟon between BMI and FTI, alongside a marked inverse correlaƟon 
between FTI and both LTI and PhA. These findings suggest that in our cohort, higher BMI reflects 
adiposity rather than increased muscle mass—indeed, lean mass tended to decrease as adiposity 
increased. The moderate overhydraƟon present in our cohort did not contribute meaningfully to 
BMI. 

RelaƟonship with IPP 

A strong relaƟonship exists between BMI and IPP (4,10,11,13), with BMI explaining 
approximately one-quarter of IPP variability (1,3,4,10–16). A key quesƟon is whether the clinical 
effects aƩributed to elevated IPP—mechanical complicaƟons (2–4,6), loss of residual renal 
funcƟon (5), technique failure and mortality (1,7), and reduced UF (10,11,39,40)—are mediated 
directly by IPP or instead reflect underlying body composiƟon. 

Our findings reaffirm that FTI is the principal body composiƟon component influencing IPP, 
whereas LTI and OHI play comparaƟvely minor roles (Table 2). The accumulaƟon of adipose Ɵssue 
may increase abdominal occupancy and raise IPP, much like larger fill volumes or polycysƟc 
kidney disease (10,14). Previous studies suggested that increased adiposity may contribute to 
poorer technique survival associated with high IPP (1,7), and our results reinforce this 
interpretaƟon. The modest contribuƟons of LTI and OHI in mulƟvariate models may reflect the 
potenƟal of muscle mass or Ɵssue/intersƟƟal edema to decrease abdominal compliance, 
thereby elevaƟng IPP for a given IPV. 

RelaƟonship with ultrafiltraƟon 

The reducƟon in UF associated with elevated IPP (10,11,18,39,40) has tradiƟonally been 
aƩributed to increased lymphaƟc and Ɵssue absorpƟon of dialysate (18,41), though IPP may also 
slow osmoƟc UF, parƟcularly its aquaporin-mediated component (12). Despite the strong 
associaƟon between BMI and IPP, no relaƟonship between BMI and UF has previously been 
described—and we likewise found none. 

When separaƟng BMI into its components, we did observe reduced UF with higher FTI in the 1-
L PET and a nearly significant trend in the 2-L PET. This effect does not appear to be independent, 



as suggested by its loss of significance in mulƟvariate regression, where IPP absorbed much of 
FTI’s influence (Table 3). Conversely, LTI consistently favored UF in both PETs, as did PhA, a 
nutriƟonal marker (25). This posiƟve influence—previously unsuspected—was independent of 
IPP and accompanied the effects of the osmoƟc gradient in both PETs and IPP in the 2-L PET. 
These opposing influences of FTI and LTI may explain the absence of a direct relaƟonship 
between BMI and UF despite the clear associaƟon between BMI and IPP. The beneficial 
associaƟon of LTI with UF aligns with observaƟons of reduced UF in malnourished paƟents (42). 

OHI showed a significant posiƟve associaƟon with UF only in mulƟvariate analysis, suggesƟng an 
independent contribuƟon that becomes apparent only aŌer adjusƟng for other factors (Table 3). 
Prior reports have linked pronounced overhydraƟon with increased UF (43-45), though effects 
are harder to detect with milder overhydraƟon, as in our cohort (10,12). 

Free water transport (aquaporins) and Na-Dip 

A previous study suggested that aquaporin-mediated FWT—assessed by Na-Dip in the 2-L PET—
is negaƟvely influenced by IPP (12). The present results, despite the smaller sample, reproduce 
this associaƟon. Although nephrologists tradiƟonally aƩribute aquaporin funcƟon solely to 
osmoƟc gradients, in physiological systems -the osmoƟc gradient in PD is arƟficial and non-
physiological-, aquaporins respond to both osmoƟc and hydrostaƟc forces (46–49). We also 
observed nutriƟonal influences on Na-Dip: the negaƟve associaƟon with FTI appears indirect and 
mediated by increased IPPv, while the posiƟve associaƟons with LTI and PhA lack an obvious 
physiological explanaƟon, though animal studies suggest fasƟng modulates lipid metabolism 
while increasing aquaporin expression (22). These associaƟons parallel those seen with net UF 
and merit future invesƟgaƟon. 

Subgroups with UF impairment 

PaƟents with UF insufficiency or impaired aquaporin-mediated FWT displayed features 
associated with reduced UF: higher IPPv, higher FTI, and lower LTI and PhA. Our previous work 
showed that in paƟents with UF abnormaliƟes, increasing IPV from 1 to 2 L did not produce the 
expected slowing of the rate of IPP increase seen in paƟents without such abnormaliƟes, 
resulƟng in higher final IPP. Body composiƟon analysis now links the rate of IPP rise from 1 to 2 
L to FTI. 

LIMITATIONS 

Several limitaƟons must be considered. Although the study was conducted by trained PD nursing 
staff, procedures were performed within rouƟne clinical pracƟce rather than the Ɵghtly 
controlled condiƟons of a research environment. The cross-secƟonal design, limited sample size, 
and interdependence of variables constrain causal inference. The increase in IPP between 1 and 
2 L was inferred from measurements obtained at baseline and at 60 and 240 minutes rather than 
conƟnuous monitoring during infusion. Finally, results obtained with 4.25%/3.86% soluƟons may 
not be directly extrapolable to standard 1.5%/1.36% soluƟons, although some effects observed 
here might be even more pronounced under rouƟne PD condiƟons with concentraƟons closer 
to 1.5%/1.36%. 

Our aim was to achieve a clearer understanding of the factors that modulate IPP in PD, in order 
to idenƟfy paƟents and clinical situaƟons at higher risk of elevated IPP and to provide tools for 
diagnosing and managing the resulƟng complicaƟons. One of the most immediate consequences 
is a reducƟon in UF, either through increased peritoneal reabsorpƟon or through a slowing of 



osmoƟc UF and aquaporin-mediated FWT. Recognizing that body size is one of the determinants 
of IPP, we used BIS to break it down into its components and examine their relaƟonships with 
IPP and UF. In doing so, we idenƟfied fat mass—i.e., obesity—as the main determinant of IPP 
and of its impact on UF. We also found an opposing effect of lean mass (and, similarly, of PhA, 
which has comparable nutriƟonal significance), which enhances UF independently of IPP. This 
opposing influence of FTI and LTI on UF may help explain the absence of a direct correlaƟon 
between BMI and UF in PD. Moreover, we observed that both indices, fat and lean, exert the 
same respecƟve effects on aquaporin-mediated transport as they do on net UF. 

Conclusions 

Our findings confirm that in PD paƟents, the effect of BMI on IPP is mediated by FTI: it is 
adiposity—not increased muscle mass—that raises IPP. We also confirm the negaƟve influence 
of IPP on UF and aquaporin-mediated FWT, as well as the absence of a direct associaƟon 
between BMI and UF despite BMI’s influence on IPP. This paradox appears to reflect opposing 
effects of FTI (reducing UF via increased IPP) and LTI (enhancing UF independently of IPP). These 
associaƟons warrant further study. Our results support rouƟne assessment of IPP and body 
composiƟon as part of standard PD care. 
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